Introduction
Heart failure (HF) represents a major clinical and public health problem worldwide, affecting 40 million people. 1 In China, there are ~4.5 million individuals with HF, equating to a prevalence of 0.9%. 2 Given the global aging population, the incidence and prevalence of HF are expected to increase significantly, 3 which will likely put additional strain on health care services.
Patients with HF experience mild-to-severe impairment in their daily lives because of fatigue, shortness of breath, and other cardiac manifestations, and they often require daily support and assistance. Informal caregivers (typically family and friends) are defined as adults with significant responsibilities for the well-being of an individual diagnosed with a debilitating medical condition, who are not the patients' health care professional, 4 and they play a pivotal role in the care of people living with HF. The chronic, progressive, and debilitating nature of HF, and the fact that the patients are often elderly, means that informal caregivers are frequently required to provide highly demanding care for their loved ones, often for a decade or more resulting in significant burden for the caregivers. [5] [6] [7] While being involved in care can 
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Jackson et al be a positive experience for family members and friends, 8 research also shows negative effects. The physical demands of assisting patients with HF have been shown to be associated with adverse health consequences for the caregiver; this contributes to poor emotional well-being, which in turn is an independent risk factor for increased mortality. 9, 10 Moreover, the emotional well-being of caregivers is positively correlated with the emotional well-being of patients with HF, as well as improvements in their condition. 9, 11 Thus, caring for patients with a debilitating syndrome such as HF has a health, emotional, and economic burden for the caregivers. 12 Although the volume of literature on the burden of HF in China has increased in recent years, there are no data relating to the burden that HF poses specifically to caregivers, 13 and most of the evidence is published in the UK and USA.
14 To understand the burden that HF poses to informal caregivers caring for HF patients, we conducted a survey on caregivers that accompanied HF patients to cardiologists in the hospital setting in China.
Materials and methods study design
Data were drawn from the Adelphi HF Disease Specific Programme, a cross-sectional survey of cardiologists, their patients with HF, and those patients' informal caregivers, conducted in a real-world setting in China in 2016. A diseasespecific program comprises three key phases: preparatory, data collection, and data processing/analysis. 15, 16 Preparatory phase
Development of fieldwork materials
Four questionnaires were developed to inform the diseasespecific program -a physician survey, a patient record form, a patient self-completion questionnaire (PSC), and a caregiver self-completion questionnaire (CSC). The physician survey was used in face-to-face interviews with cardiologists. Patient record forms were completed by the cardiologists for their patients presenting with HF, using data from medical records. PSCs were completed by the same patients. Further information gathered from the patient record forms and PSCs has been reported by Jackson et al. 16 CSCs were completed by the informal caregivers of the patients. The questionnaires were developed empirically, and their pharmacometric properties were not systematically assessed. The questionnaires were developed in English and then translated into Chinese by a local disease-specific program fieldwork agency. A second independent UK-based translation agency verified the translated materials. Samples of the questionnaires are available on request.
Participant recruitment
Cardiologists were identified from public lists of health care professionals and were invited to participate in the diseasespecific program based on predefined eligibility criteria described elsewhere. 16 The first 150 cardiologists who met these criteria and who agreed to participate were enrolled. Participating cardiologists were asked to complete patient record forms for the next 10 patients they saw who presented with HF, immediately after each consultation. A quota of five patients with HF with reduced ejection fraction (HFrEF) and five with HF with preserved ejection fraction (HFpEF) was stipulated, but a left ventricular ejection fraction threshold was not specified. No other patient selection criteria were applied. The same patients were invited to complete PSCs at the practice, independently of their cardiologist, immediately after their consultation. One informal caregiver (only friends or family were asked to participate) of each patient was invited to complete a CSC: caregivers could complete a CSC, even if a patient for whom a patient record form was completed had not filled out a PSC. Included patients and caregivers gave consent to participate.
Data collection phase
Information on practice type was captured from the physician surveys. Information from the patient record forms included demographics and clinical characteristics; information from the PSCs covered patient demographics and their requirements for caregiver assistance. Information from the CSCs covered caregiver demographics, time spent in caregiving, activities for which the patient required daily support and which of those were most troublesome for the caregiver, impact of caregiving on employment and social life, and economic burden of caregiving. The impact of assisting patients with HF on caregivers' health-related quality of life (HRQoL) was measured using the three-level five-dimension EuroQol questionnaire (EQ-5D-3L) 17, 18 and the HF Caregiver Questionnaire (HF-CQ). 19 The HF-CQ is a validated instrument to assess subjective outcomes of caregivers of patients with HF; it contains 21 questions covering physical, emotional/psychological, and lifestyle domains.
All responses were anonymized to preserve participant confidentiality and to avoid potential bias. The cardiologists could not see or influence the responses given by the patients or caregivers.
The survey followed the European Pharmaceutical Market Research Association guidelines. 20 It is stated in the Code of Conduct that ethical approval is not necessary for this type of study, since the goal of the research is to improve understanding rather than testing hypotheses, subject to 
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Burden of heart failure on caregivers in china research being conducted in full accordance with the US Health Insurance Portability and Accountability Act 1996 and European equivalents. 20, 21 Data processing/analysis phase For the purposes of analysis and interpretation, HFrEF was defined as left ventricular ejection fraction ,50% and HFpEF as $50% as defined in the Chinese Guidelines on HF. 22 Basic descriptive statistics (such as means and proportions) were derived using the software package QPSMR Reflect Version 2007.1g (QPSMR Ltd, Wallingford, UK).
Results

study population
The study comprised 150 cardiologists, each of whom completed patient record forms for 10 patients with HF, generating a sample of 1,500 patients. Almost two-thirds (62%, n=933) of the patients for whom a patient record form was completed also completed a PSC, and 458 informal caregivers completed a CSC. 16 
cardiologist demographics
Of the 150 cardiologists, 91% worked only in a hospital; of these, 69% worked in tier-3 hospitals.
Patient and caregiver characteristics
Overall, 55% of the patients were male, and the mean (standard deviation [SD]) age was 65.7 (10.3) years. Data on other patient characteristics have been reported by Jackson et al. 16 Of the patients who answered questions about their requirement for caregiver support (n=930), 90% were receiving assistance from an informal caregiver.
The majority (60%) of informal caregivers were female, and their mean (SD) age was 60.1 (10.6) years (Table 1) . Most caregivers (74%) were retired or pensioners; 16% were in full-time employment. Caregivers were most commonly spouses (77%) or a son/daughter (20%).
Burden of hF on the informal caregiver
Time spent on caregiving and activities requiring caregiver support Overall, caregivers had been caring for their loved ones for a mean (SD) of 1.7 (2.5) years (n=441) and spent a mean (SD) of 24.5 (16.9) hours caregiving per week (n=350).
The activities for which caregivers were most often required to provide support (n=457) included reminding patients to take their medication (70%), helping patients to prepare meals (65%), and providing emotional support and encouragement (59%). The activities that caregivers found most troublesome (n=403) were driving the patient to work, hospital, or appointments (23%), reminding patients to take their medication (22%), and helping with preparation of meals (14%).
In the past 12 months, caregivers reported accompanying the patient on visits to their doctor in relation to HF a mean (SD) of 8.2 (5.5) times (n=456). Of the caregivers who answered the question relating to this role (n=454), 47% did not live in close proximity to the hospital where the patient's care was received and on average spent just over an hour traveling to and from the hospital for each consultation (n=450).
impact on social life and employment
Almost two-thirds (63%) of caregivers reported that caregiving had resulted in changes to some aspects of their lives (n=457). The largest proportion (33%) reported a reduction in their social activities, followed by reductions in time for themselves (21%) and time for their other family members (12%).
At the time of consultation, almost three-quarters of informal caregivers were retired, mostly (96%) as a result of 
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Jackson et al reaching retirement age. Caregivers who had worked in the past 3 months and who answered the questions about taking time off work (n=24-37) reported taking several days off work owing to their caregiving responsibilities (Figure 1 ).
impact on caregivers' own health
More than half (57%) of the caregivers reported that caregiving had negatively affected their health in some way (n=446). The most common conditions brought on or made worse as a result of caregiving were stress (23% of caregivers), anxiety (23%), sleeping problems (14%), migraines/ headaches (9%), and depression (7%). On a scale of 1 (no impact) to 10 (severe impact), caregivers gave a median score (interquartile range) of 3.0 (2.0-5.0) and a mean (SD) score of 3.7 (2.0) to indicate how much their caregiving had affected their own health (n=446) (Figure 2 ).
impact on caregivers' hrQol
The impact of HF on caregivers' HRQoL was measured using the EQ-5D-3L (n=458) and the HF-CQ (n=457-458). Most caregivers (79%-99%) reported that HF had "no impact" across all the domains of HRQoL measured using the EQ-5D-3L (Table S1 ). In addition, the EQ-5D-3L generated a mean (SD) utility score of 0.93 (0.1) and a score of 81.0 (9.4) on a 100 mm visual analog scale (the EQ-VAS). In contrast, when responding to the HF-CQ, 64%-78% and 56%-79% of caregivers reported that caregiving had compromised their physical ( Figure 3 ) and emotional ( Figure 4 ) well-being, respectively. In addition, 72%-75% caregivers reported that caregiving affected time for themselves, their ability to make or change plans, and their ability to be away from the patient ( Figure 5 ).
economic burden of caregiving
Most caregivers were not responsible for paying for any of the patient's HF treatment (77%), rehabilitation (93%), hospitalizations (78%), or travel costs (89%) associated with HF. However, small proportions of caregivers were personally responsible for paying for some or all of these costs ( Table 2 ). In particular, 17% of caregivers were responsible for paying for the patient's prescription HF drug treatment, at a mean (SD) monthly cost of ¥256.20 (245.10) ($2.31 [2.21] ) (at an exchange rate of ¥1: $0.01 on Figure 1 Mean number of days taken off work by caregivers in the past 3 months due to their caregiving responsibilities. Note: Data were obtained from caregiver self-completion questionnaires. 
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Burden of heart failure on caregivers in china June 12, 2017). Hospitalizations were the biggest cost, at ¥2496.90 ($22.48) per month (n=28) for caregivers paying all the cost and ¥3801.00 ($34.22) for those paying some of the cost (n=48).
One in five caregivers (22%) reported that a change in their job or a reduction in working hours had resulted in a decrease in income (n=372), by a mean (SD) of ¥362.60 (213.00) per month ($3.26 [1.92]) (n=19) or 18% (13.8%) (n=29). 
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Jackson et al Almost all caregivers (95%) were not receiving financial support from the health care system or social services.
Discussion
Considering the central role of informal caregivers in the care of patients with HF, it is important to understand the burden of caregiving responsibilities on these individuals, in order to address their needs and promote their continued and effective support. The existing evidence is from the UK and USA; 14 until now, no evidence existed on the caregiver burden of HF in China.
In the current study, an informal caregiver was typically a wife aged 60 years, in line with findings from Western studies. 14, 23, 24 The age of caregivers is particularly of concern because older individuals are less able than younger individuals to cope with caring for patients with chronic conditions. 25, 26 Indeed, up to 78% of caregivers reported that their caregiving compromised their emotional well-being, which is worrying because poor well-being and depressive symptoms may diminish the ability of caregivers to provide care for patients with HF and may thereby contribute to negative outcomes for the patients. 7 Furthermore, female caregivers exhibit depressive symptoms more frequently than their male counterparts; 23, 24, 27 it is therefore possible that the informal caregivers in this study may be more susceptible to poor outcomes. Caregivers spent a substantial amount of time (~25 hours per week) assisting their loved ones; this equates to about two-thirds of the 40-hour working week stipulated by the Chinese government. 28 The time spent is similar to that of professional caregivers assisting patients with HF (~25 hours) and longer than that of professional caregivers assisting patients who do not have an informal caregiver (~17 hours per week) in the current study. 16 This time spent on caregiving may explain why a third of caregivers reported a reduction in their social activities, and a fifth reported having less time for themselves. Furthermore, caregivers who had worked in the past 3 months had frequently taken time off work to care for patients; in some cases, this led to a reduction in income and may have caused financial difficulty. A systematic review of caregivers' needs in advanced HF 14 made similar observations. Carers of patients with HF in Western countries (mean age 54-69 years, majority wives) often had to leave employment or reduce their working hours to take on the caregiving role, which led to financial problems.
14 These findings, combined with the finding that some caregivers are required to personally pay for patients' HF treatment and other associated costs, show an increased burden on caregivers. 
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Burden of heart failure on caregivers in china Finally, more than half of the caregivers reported that their responsibilities had compromised their own health, which may be because caregivers do not have time to attend to their own health. This is of particular concern, given the advanced age of the caregivers. 29 Similar findings were observed in the systematic review by Doherty et al, 14 which concluded that caregivers often delayed or sacrificed their own health needs to stay at home and care for their loved one. The health of caregivers and patients has been shown to be positively related; a deterioration in the health of the caregiver could therefore compromise patient outcomes. 9 In the assessment of HRQoL, it is interesting that despite similar domains of HRQoL being captured in the survey and specifically by the EQ-5D-3L and HF-CQ, caregivers' responses to questions on these domains were not always consistent across the three questionnaires. When asked about the impact of caregiving on their own health, as per the survey, caregivers gave a rating of 3.7 (SD 2.0) on a scale of 1-10 (where 10 is severely impacted); however, the EQ-5D-3L score was 0.93 (0.12) (mean [SD] EQ-VAS score 81.9 [9.4] ). With regard to caregivers' emotional well-being, responses to the survey and EQ-5D-3L were similar (23% of caregivers in the survey reported having developed [or worsened] anxiety as a result of caregiving, and 21% reported being moderately anxious or depressed in the EQ-5D-3L), whereas responses to the HF-CQ suggested that 74%, 59%, and 74% of the caregivers had been stressed, frustrated, and/or mentally tired, respectively, in the past 4 weeks. When assessing the impact of caregiving on their lifestyle, 33% of caregivers reported a reduction in social activities as per the survey, and up to 74% reported that caring for the patient had led to changes in their own plans or to avoiding making plans as per the HF-CQ. However, with the EQ-5D-3L, only 3% of caregivers reported problems performing their usual activities (eg, work, study, housework, family, or leisure activities). The inconsistencies between responses to the EQ-5D-3L and HF-CQ could be due to the way in which the questions are posed. For example, the EQ-5D-3L asks caregivers to describe which statements best describe their situation "today," whereas the HF-CQ provides a brief definition of caregiving and asks the caregiver to think about how their caregiving has affected them in the "past 4 weeks." Furthermore, the HF-CQ specifically questions the level at which caregiving affected each domain. It is therefore possible that both the time frame and the context for each question contributed to inconsistencies in the responses. Lastly, the disease-specific nature of HF-CQ means that the burden of HF specifically to caregivers is assessed, whereas the EQ-5D can be used to assess the health status associated with a range of conditions and treatments. Disconnects between the EQ-5D and HF-CQ results were also reported in a validation study in patients with HF and their caregivers in the USA. 19 The study found a low correlation between the two questionnaires while validating the acceptability of the HF-CQ as an instrument to measure caregiver burden due to HF. This disconnect may be explained by the fact that the HF-CQ may better capture the emotional aspects of HRQoL, with 11 items assessing this domain, compared with just one in the EQ-5D. This may also explain the high mean (SD) utility score (0.93 [0.1]) generated by the EQ-5D-3L in the current study. Although this utility score is higher than that for the patients with HF (0.77 [0.20]), 16 it is also higher than that for the general population aged $60 years living in China (0.88). 30 This is unexpected because although the caregivers in this study were relatively healthy, the impact of caring for a patient with HF has been shown to compromise HRQoL. 14 These findings further support those reported previously 19 and suggest that the EQ-5D-3L may not be an appropriate instrument for measuring caregiver burden due to HF.
The inevitable limitations associated with data collected from surveys are relevant for the current study, including recall bias, low response rates, missing data, and overreporting of surveyed events. Nevertheless, the Adelphi Disease Specific Programmes are an established method for investigating real-world behavior and attitudes across a wide range of disease areas. 31 The patients for whom caregivers were providing care in this study represent a sample of consulting patients with HF who are treated in a cardiology setting, and not those managed in primary care or by other specialities such as internal medicine or geriatricians. Only caregivers of patients receiving care in tier-2 or tier-3 hospitals were included in the current study; these are more commonly found in large cities and therefore may not reflect caregivers of patients receiving care in tier-1 hospitals, which are usually found in rural areas. Furthermore, in the current study, the split of tier-2 and tier-3 hospitals was 31% and 69%, respectively, which does not reflect the split in the Chinese health care system (78% vs 21%) and therefore may impact the generalizability of the data. 32 The selection of patients favors inclusion of those who consult more frequently; so, patients with more severe disease or complications may be overrepresented in this sample.
Finally, some element of reporting bias may have been introduced, as the responses of caregivers of patients treated by cardiologists may have favored the specialist perspective. Nevertheless, in China, cardiologists are the specialty predominantly responsible for initial consultation, diagnosis, and 
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Jackson et al treatment of HF. Therefore, the results of this study are likely to be representative of the current practice in China.
Conclusion
From the sample of caregivers assessed in this study, we can conclude that caring for patients with HF has a significant impact on caregivers' lives. Results of this survey revealed that caring for HF patients impacted caregivers' emotional well-being, social activities, own health, and had a psychological impact as well as a work and economic impact. Thus, when considering the overall burden that HF poses to the society, it is important to consider the indirect costs associated with a partial debilitation of caregivers. It is also important to recognize and address the pivotal role that caregivers play for the well-being of HF patients.
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